Detailed information about the composition of the carbon footprint of the NHS in the Grampian health region, and in Scotland generally, is not available at present. Based on the limited information available, our best guess is that travel emissions in Grampian are substantial, perhaps 49,000 tonnes CO 2 per year. This is equivalent to 233 million km of car travel per year. A well-established telemedicine network in the Grampian region, which saves over 2000 patient journeys a year from community hospitals, avoids about 260,000 km travel per year, or about 59 tonnes CO 2 per year. Therefore using telehealth as it has been used historically ( primarily to facilitate hospital-to-hospital interactions) seems unlikely to have a major environmental impact -although of course there may be other good reasons for persevering with conventional telehealth. On the other hand, telehealth might be useful in reducing staff travel and to a lesser extent, visitor travel. It looks particularly promising for reducing outpatient travel, where substantial carbon savings might be made by reconfiguring the way that certain services are provided.
Introduction
Until recently there has been little readily-available information about the composition of the carbon footprint of the NHS in Scotland. It is therefore difficult to know what influence telehealth presently has, or might have in future. Such information is a pre-requisite for any kind of planning work about how telehealth might be developed for NHS purposes.
Detailed information about the carbon emissions resulting from NHS work in England was published in 2008. 1 We have used this information to extrapolate to the case of Scotland. A recently published report also provides estimates of the carbon footprint of NHS Scotland. 2 The two estimates combined can be used as a 'best guess' at the true figure.
Using the best-guess figure for NHS Scotland allows the travel emissions from the Grampian health region to be estimated. This region contains some well-established telehealth applications, and the resultant carbon savings can be calculated fairly accurately. These telehealth carbon savings can then be viewed in the context of the emissions from the Grampian region as a whole.
The NHS and the environment
The NHS is a large organization and consequently it has a substantial impact on the environment. There are three sources of carbon emissions that make up the carbon footprint of the NHS. 1 The largest source is the 'embodied' carbon emissions, i.e. those resulting from the goods and services consumed by the NHS. Second, there are the direct carbon emissions associated with buildings, and finally there are the carbon emissions resulting from travel connected with NHS activities. In England, roughly half of the CO 2 emitted comes from the first source, called procurement. About a quarter each comes from building energy use and from travel (see Figure 1 ).
Carbon reduction to date
Although procurement represents the largest component of the carbon footprint, efforts to reduce it are only just being made. 3 It remains to be seen what can actually be achieved in practice.
On the other hand, the NHS has made continual attempts to reduce energy consumption. Since 1985, the target has been a 2% reduction in energy consumption per year. This has been achieved by switching from the use of coal and oil as energy sources to natural gas, by installing more modern plants and by improving the energy efficiency of buildings e.g. better insulation and lighting). These efforts have been successful, and since 1985 the overall energy use -and thus the CO 2 emitted -has been reduced by approximately 40%. 4 Note, however, that it will not be possible to continue the energy reduction indefinitely, as the law of diminishing returns applies.
Travel Travel emissions in England
The final component of the carbon footprint is due to travel. Here, roughly half of the CO 2 emitted is due to staff, either commuting to work or conducting business-related travel (see Figure 2) . Most of the rest is due to the patients, although about 10% of the total is due to visitors. 1 
Travel emissions in Scotland
At the time the present study began (2008), information on NHS travel emissions in Scotland was not readily available, and we therefore estimated it from the case of England. The building energy emissions of the NHS in Scotland are about 10% of those of the NHS in England. 4 Suppose that NHS travel in Scotland is in the same proportions as the NHS in England, then the total travel emissions would amount to 337,706 tonnes per year (estimate A). By analogy with England, the breakdown would be as shown in Since these estimates were made, NHS Scotland has commissioned a carbon footprint report from external consultants. 2 The overall travel emission (estimate B) is approximately twice as high as our own (see Table 1 ). The Health Facilities Scotland report states that its values are likely to contain considerable uncertainties because of the way they were derived. For the purposes of the subsequent discussion here, we will use the mean of the two estimates as the best guess at the true carbon emissions of NHS Scotland.
Travel emissions in the Grampian region
There is little published information about NHS travel in the Grampian region. Carbon emissions can be crudely estimated from the NHS Scotland figure derived above. The Grampian region contains approximately 10% of the Scottish population. If NHS travel is in proportion, then the breakdown for the Grampian region would be as shown in Table 2 .
Telehealth
What part might be played by telehealth in reducing the carbon footprint of the NHS? Telehealth is the provision of health care at a distance. Thus a procedure involving telehealth will mean that travel is reduced or avoided -that is, travel on the part of the health-care worker, the patient or others. In principle, therefore, the use of telehealth is to be encouraged on environmental grounds (leaving aside awkward questions about resource allocation).
Examples of telehealth
Conventionally, telehealth has been used to improve the efficiency of health-care delivery. Most of the experience to date has been in the secondary or tertiary health sectors, where telehealth is often used to improve access to specialist opinions. This saves travel on the part of the patient or doctor. Examples of telehealth being used to reduce patient travel in the north east of Scotland, from which environmental savings can be calculated, include the Grampian minor injuries service and the specialist referral service for patients in the Shetland Islands.
Minor injuries
In the north east of Scotland, telehealth is used as a decision-support aid at units treating patients with minor injuries. These units are usually based in small, community hospitals and staffed by nurses rather than doctors. Obviously patients with significant injuries are not treated locally, but transferred to a larger hospital. Many of the minor injuries can be managed locally, by nurses working to pre-agreed protocols. In a proportion of cases, where the best course of action is not immediately clear, the nurse will request advice from doctors at the main centre, the Aberdeen Royal Infirmary. Using a video link allows the doctor providing telehealth advice to see the patient and provide appropriate advice. In some 90-95% of these requests for telehealth advice, the result is that the patient does not need to be transferred to Aberdeen. 7 Since relatively large numbers of patients are managed using telehealth, the avoided travel is substantial. There are, of course, other benefits, such as the convenience to patients.
During 2007 there were 2061 teleconsultations between the 14 minor injury units in the Grampian region and the main centre at the Aberdeen Royal Infirmary. This equates to avoided travel of some 260,000 km, or a saving of 55 tonnes of CO 2 per annum (see Table 3 ).
Head and neck cancer
A more recent telehealth service allows patients in the Shetland Islands with suspected head and neck cancer to be assessed by a specialist without needing to make a journey to the Aberdeen Royal Infirmary. Use of a video link allows the specialist to decide whether local management is possible, or whether the patient needs to be referred to Aberdeen for treatment.
During 2007/08 there were 42 such teleconsultations, as a result of which 42 patient journeys were avoided. The trip from Shetland to Aberdeen requires two road journeys and a flight, resulting in an emission of 61 kg CO 2 . The avoided travel amounts to a saving of 3.7 tonnes of CO 2 per annum. 8 
Telehealth in context
As shown above, the total travel emissions from the NHS in Grampian can be estimated to be about 49,000 tonnes of CO 2 per year. The total savings in avoided travel from the two telehealth examples cited above amount to 59 tonnes of CO 2 , which is approximately 0.1% of the travel emissions in Grampian. This is not to imply that these savings are not worthwhile. Simply, that in relation to the overall carbon footprint of NHS Grampian, these two examples of telehealth are fairly insignificant.
What are the carbon savings resulting from all telehealth work currently being conducted in the Grampian region? At present, this is impossible to know since there is a dearth of quantitative data. However, even if there was ten times as much telehealth going on as the two examples quoted above (which seems unlikely), the avoided CO 2 would still only amount to 590 tonnes. It seems safe to conclude that telehealth, when used conventionally, is not likely to have a big influence on the environmental impact of the NHS.
Potential of telehealth
Can telehealth therefore be used in a different way? What is the scope for reducing travel emissions in the NHS? Obviously one strategy would be to improve the efficiency of travel generally, i.e. to provide better and more effective public transport. However, this is not really under the control of the health sector to any significant degree.
Other strategies specific to the NHS include:
(1) Reducing staff travel, e.g. by the use of video meetings or by teleworking; 
Staff travel
Teleworking and video meetings are used to some extent in NHS Scotland by staff for whom it is appropriate. Information about overall levels of usage is not presently collected. However, video linking is being promoted and improved facilities are being provided at a number of locations in the NHS Grampian region, for example.
More detailed information about travel associated with the patient travel scheme (PTS) and the ambulance service would be helpful in formulating suggestions for the future use of telehealth in Scotland.
Patient travel
Patient travel comprises that associated with primary care, e.g. visits to the general practitioner (GP), and with secondary/tertiary care, e.g. visits to hospital, either as an inpatient or an outpatient. In the Grampian region, the emissions resulting from all patient travel is estimated to be about 21,000 tonnes CO 2 per year ( Table 2) .
What is the composition of 'patient-own travel'? For example, how much hospital travel represents travel for inpatient treatment and how much is travel to outpatient clinics? This information does not appear to be separately recorded for Scotland or for England at present. However, it is safe to assume that outpatient travel represents a substantial proportion of patient-own travel.
In the Grampian region, total patient travel for hospital outpatient appointments amounts to 17.6 million km Table 2 . This implies that patient travel for inpatient and for primary care purposes is some four times larger than for outpatient appointments. Clearly more information is required before the plausibility of these figures can be judged. Whatever the relative magnitudes of the patient travel components turn out to be, there is a compelling case that outpatient travel could be reduced by employing telehealth. Evidence from other countries shows that a substantial proportion of outpatient travel can be avoided by use of telehealth. 10 In one Finnish study, over half of the teleconsultation patients could be treated by the GP and did not need to go to hospital, following telehealth advice from the consultant. 11 In another Finnish study, almost all (98%) of general surgery patients were able to avoid a journey to hospital by using a telehealth link at their GP's premises.
12 Table 4 provides a summary of recent studies reporting avoided travel to hospital (e.g. for outpatient visits) as a result of telemedicine of various kinds.
What is the potential in Scotland? Suppose that 20% of outpatient visits in the Grampian region could be replaced by local telehealth, then the potential CO 2 saving would be 704 tonnes. This is 12 times as much as the two telehealth examples quoted above.
Visitor travel
Visitor travel is presently thought to be a minor component of the overall travel emissions, so it probably does not deserve a great deal of attention. On the other hand, visitor travel might be susceptible to reductions through telehealth. This would have benefits in terms of reduced CO 2 emissions, to say nothing of reduced demand for car parking at the major hospital sites. Unfortunately, there is a dearth of factual information about visitor travel, whether in England, in Scotland or in the Grampian health region, so it is impossible to estimate costs and benefits at present.
Conclusion
Obtaining accurate patient and visitor travel information would greatly enhance our understanding of the true carbon footprint of the NHS in Scotland. If detailed information about staff travel could also be obtained then a much better overall picture would result; this would allow rational planning about strategies for reductions. Accurate information is needed about all four components of travel:
(1) NHS business travel, including the patient travel scheme; (2) Staff commuting; (3) Patient (outpatient and inpatient) travel; (4) Visitor travel.
This could be obtained by survey.
It would also be helpful to conduct some pilot work to establish the feasibility of peripheral outpatient clinics in certain specialties, i.e. outreach clinics supported by telehealth. This proposed work on travel reduction would build on earlier studies.
Using telehealth as it has been used historically (primarily to facilitate hospital-to-hospital interactions) seems unlikely to have a major environmental impact -although of course there may be other good reasons for persevering with conventional telehealth. On the other hand, telehealth might be useful in reducing staff travel and to a lesser extent, visitor travel. In the context of the NHS in Scotland, it looks particularly promising for reducing outpatient travel, where substantial carbon savings might be made by reconfiguring the way that certain services are provided.
The principal advantage of telehealth is in facilitating equitable access, so perhaps its main role is in providing services to disadvantaged peoples. The main environmental benefits lie in the form of avoided travel.
